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) 4 The available' mpoxbta on exhauat ojoctonqnd PREpe -ar
: + thiust aiguensors ire listed dnd a survey of, the éxisting data s -
¥ given. In this Note the generol eﬁ‘ootottbm.inmriduuon E
o x .ejectar perforuancu is showh and thooretical and experimxntal ejector.
B, perfonaances are couparsds Tho data for estimting the buaie exhaust’
thrust and the op exhmst nozsle arep are considercd end-it ias
I . oonoluded that thu thrust but not tho nozzle area omn be ustinated =
P adequatcly nt present, ¢ Puture theorctical ond wxporimental work on
ejeotors is sugiusted, ond inoludes, in the first’ instanocc, the
developtent of o uniforr. theory of aJectom m,,n.rdnd a3 thrust_and '

. pwnpim J.cvioan.
- ) ! = ? J 3
i o ah Intruduvt:l.on T e R
2 Outlinv of* the thuon.t:l.cdl analysis 4—. { z

2y udt‘ctol'n

3., Experingntsl rata. avn:l.l-ublo- oxhast . 5
s noznles - =

4e  Experidantal b -nr-.lln'blc: ojoctors 6
e 5 Jugreat ' future vork on ojcotors
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< 'The theoretical thah.int -ejooton, dtha‘h nryhg 1n XAy gt

o dstall, hnmnbuudmtmahwmv ' ,18, W':‘
' 7 (1) ° -equation of continutty - b S s
: _(11).  equation of vosentws R & o7 i
\ ? . 3 DR T
i (u‘l.) & uation of enerzy - i . L = i ! }
_(iv)  equation of state S . o ot e R /
. s S T
" &2 psswptions x 0 ?

" In order to aply the ubovn equations in n siuple \uv 1t il o
4 usual to assunes’

(1) bpe=dimensional, adiebatic and frietiaalun flow Jor
air and cxhoust ges, \ 5

(i1) coplete uixing attoinod at the ejeetor exit,

-(111) incouprcasible low for adir, donslty velny; « function or ihe
topernture only,

(iv)  when a Jiffuser is incorporated into the ejector syaton, n
ocrt‘\in *"diffuscr efiicicnoy™.

23 Desinn fHotors tmuocotmted Zor by theory

X In the outlined t}unmtic:-.l tm'\tn.nt, ocrtain mpoﬂ;ant dosiptn
factors are omitted, such as:

(1) ejector lenzth, which has the double and opposite effects ol
itproving the ndxin: but incrv.sin: the friction,  °

(i1) , snape o i Jjeotor and the exhaunt pes nogzle eroas-section, ™~
(i11) loc tion o .lx exhruast ,jis nogzle, v E

. ) 2 T
(iv) nuaber 0, st..us in which the mixin;‘has to be moccmplished
. (only tne £in 4 uicctor erosa-scetionnl ares A wears in the
equutions).

2uhe Intenuitvency of the exh.ust ;s f'low

The cutlined theorvtical troatieni can be amylied to the stcadye
flow electors e.r. suck us werv tcsted in the (LOUTrukseduir expuri=-
mntl.u' a,25 When ucu.lin, howover with \;hu uotual asro-enzine
exhaust e_Jeotor-, in order t3 cocount for tho mtmx;ttamy ol the

.
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:.uhmst,cn tlmr, n S ﬁrtdouvu uhn.un gus nlocity obw.ird
S fron tm_..m.lunp. 'x!rulit o thrult, ‘has’ to bo used.4d

.7 oorres; : exhuust gas tonperafure can be caloulated ﬂ‘m t‘l‘ﬂ .
- bqutitna of ocntimity ‘and of state, or umwd. i

?-,--Wz-s-;m.w_wg g Mwemziils.”

HIn the thoohtioa.l ﬂféﬁ-f‘ o!‘ the o.iookor pcrlonum- the
d'lm variables. bré u-\u.uy considereds

p) i 2 o §s.
T 2 & i, S :
ey, seoltnz air pass flow Lo =
. exhnust jsas flow j -
I LA =2 TN 4
(11)" 4p = amasuro differcnae ncrosa ejoctor = S B =t
%, tatic pressure at ejector uxit)- (ptq;na&ion preasure.
S e : .- An frumt of the c,‘k )

@ ed

PAEEE e,
Ty N i J i

5 72 /% : te ltoenuum prousuro 1 uanllvidtm as'the f
A e . 0 preasure behind th-* ur(,ma, where the adx
e I -wlooityinnnu. S st
St ;
5 '

i (111) _.,, - Ax-/“e" _njector c‘ro.ls,._n.ectidn.ti e
; *. " exhoust noxsld oross.scctientl.aren

prer Y

(v) 9 aw e il_\_ng at e Jector oxit

/ - o
St o ?. thrugt -dven by exivwust nao’xle-only <y
g f B ) Bracel . siaing ner T b i

Tae It shoul o eoded Bt g and Ay héve nct, in 1]l onsus;
3 the 3. :eining. I' e adtions’ o jroand ecolin » dowe with
‘sero rws b irond 4 .r o ungdpe, 83 is qounl to the [ eessure arcp
- *apross ths tn,zm ol thus, tor constwt e it e r_t.np oonditions,
= (Fok' aonatd)) M i.s .. funeticp ot Bp, thiir rel:cionship bc.l.rz, tx‘

| B S ‘gd%un by the hot £l ¥ culibrblian ox b cngine,. .In tada 0206, the
. :  oppdaum ejuotir-arran cuent i3 tn.e widen, dma. L [

P s M,
E-- ™" On the other hand, &f the ojuetur is lucaterd efier ¢ varinble xchiow
pr | tanou to flow or i rro. {8 u plied ie iron$ o 3w resistunce, tham
o # is nut aclely a Juncticn ol Ap. The bews aransamt 4s that
| g . which, Tur a civen #, ;ivea s nignat Ap (or =4Ap . D ouse o
4 This nethod da wore Lener u.l, since 1% arovides ir.ro“.mtl.un on the.
r efieot of M, ;

Saasirnc
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2:M | N FIG.I, THE INFLUENCE OF THE
_EXWAUST EJECTOR NOZZLE ON EJECTOR

. PERFORMANCE 1S SHOWN, FOR CONSTANT
'EJECTOR CROSS. SECTIONAL ‘AREA A CuRVEs

. T gen i
FOR CONSTANT ENGINE POWER ARE mwy ----‘.‘..!..:_;"’.1‘_3_'_-_
: e 4 . FIG.L. Aa - CONST 4s §(aP), M} ﬁ

AP % Rt
: : . OR '
- 3 oy -

Y2 N FIGS 2 & 3 THE INFLUENCE .
- -OF & (OR Aq,Ae BEING CONSTANT). = g
ON EIECTOR PERFORMANCE IS SHOWN. L

FIG.2, Ae =cONST, Fp = CONST. - . -
"7 FI6.2 . APPLIES ro THE CASE OF ap - d

5. CONSTANT RESISTANCE A = £ (8p)"®

L WHILE IN'FIG.3. THE RESISTANCE
WAS VARED '®. - . g

. IN BOTH CASES RAM =0.

Ae sCONST.'F, » tmm -- EXPERMEM

SR
b

i
'K

2:%3  THE INFLUENCE OF RAM ON
 THE EJECTOR AcrmN.As A PUMP

IS ILLUSTRATED lN FIG 4- WHICH SHOWS

o g
B . THAT THE EIECTOR PUMPING GAIN - | A
: oecnensss WITH RAW. ( I€. FLIGHT SPEED )" :
: VO TR RS AcAa, Me. Fo -consr
E e 1 : g 3 F l,—"-
: | : ; EIECTOR 1\ |
. 2-A4 A SIMILAR EFFECT OF RAM : Loss

(1€ FUGHT SPEED) ON EJECTOR THRUST IS
'SHOWN IN FIG 5 & 1S COMPARED WITH® THRUST
- ~\0BTAINED FROM COOLING AIR & EXHAUST GAS
| SEPARATELY.Z FiG.S. SHOWS THAT EJECTOR IS°
it A THRUST AUGNENTOR AT Low. srscos tmur

EIECTOR
GAIN.




00 37,5 "Both Ploadh whd 5 Iniloate thit : .oxm.chcotor s
perr.;E..mc. :I.a ubt:.-m.:. .t m-c/ Fiay lee. st uannd cooling” M

e b

£ 'v.il..bla. Fxh-ust "I n m;g -
. Bl -ﬁitieg nzzzle pes- Lo R

- .,
[N - vt 3 i e

Expuricentsl &

‘1‘-.rm .nt rocanb net 'tb.m.:-. o8 eivem by ‘:ropo‘unr u\d
L oxhauatsa e, .mnotp:win(,.mx.l'te decrupse the o t-
= noazle area oeyond the oritical size, ab -ll’,id‘h the encine o2
; ' atorta tc ucp.\lc'z'i, -+ Froa thtpoint o v:l.-w or Y ejosiar “
o performance the sudileatjpoasidle’ nozels . is roguired (aoe ,7.’1)

and: thus tns criticci ”f“ .Abeuld be.useds’  Liw tasaretion. o
pas wineticn ot this aptmu. nozzle hizo Ior oni eng.ine workiug. -
. ¥ L \moiﬁed osnliticns does not acia'ub progent posaivle; thp‘oni.v

2 it avu.ﬂgbl' :nethoda 13 b..s :d on onc asct of tvats mn asporpeltevalve
“engino and its' genfrol aoplicnt‘o'n, i.n vicw ol the roaults of oun!';-
3oy sw.;lnr testslo- Tis douhti’lﬂ. .
]

x . -..'l.- ___,..

L . ' It seeus thonforr- llrsirrxblo ¢t Lake an atier viﬁb astnblilh“ :
- a s:tisfactory oorrclntion:of tie avnilabl: data on “the. cr:lt:lc!ll e~
noxzly =rea, Ao that it could be defarp.dned 'beroremnd nthout ra- M
) a"rtim to experiicntal actho-w. ! ety
32,1,  Tt_has been slredy poihted out .(2.1.3 th..t in order .
: 40 apply «the ateady flow.thecry ¢: the oxhuist gas eJoceoh, it 1s T
’ y neceasnry to intraluce the ®ofrcotivn® exhoust gus veloclty, ns rivnn \
s by rensured exhauat £as thrust and wean cxhowt gas mass £1love.
& socus that . satisfactory wethad of correlaving the ex,acrh.wninl
= - dote ovor u widc rune of muinc ch.x--u:terhtica . opcr..t n, em-
. @it1ons hus been covelopsd 19, 23,

2 { 'D:hau t pon nc..mnttn

5 5 ]
L] N .2

"1t would b geslrsile to 2..dy thin nethod o the nvalliadle |
(3308 S0 nt-Ll Gataty 13, 1703 tima ¢ cateblish finadly ita relid%im

B o 5....»3 Varichs wethpcs of experioartul exhwmat thrust m.\m!‘-

mnt were used amd thew con be div'l.dm in h.'o oandn Sroupss i &.
o . ] .

7z (l) by use of a tarcet, the function of \mich is.tu change yw
o ""nmsfron of the exhauut Gas waimtiy by 90° 10,23 gpd

| - (Q) . by pitat-lta.tic pzuuurc NJL&ILJ st i exhwast (,aa m:a&
cxi.ta. i ¥
3 ol

: It appeu.ra that, except in va: casel?, no et‘:‘orta‘wem’, u&ﬂe :
B ' to ocoupare the results .obtuintd by the twe mothods; ‘such a correld
G of the tw> would be useful, th: (b) ix thed veiny uuch ;in;ﬂ.or to
Apply in pﬂf‘tieel. ; , .

it

. - Shape“of. the oxhaust noszle 5 ! “..' yaw:
A 3 - 'fhda factor dovs not c.uc in the th)urctidn}-&wiﬂmd—m

\ influencc: has to be_detsruined exwﬂﬂ.ntally" Only one such set of
seats 14 availsblelB and they definitely indleate that s'iflattened. . .
rectongular r noxgic gives better efecior perfarmaco than a nozale
aspact ratio 131, The oplhnwn nozzla mspect ratio deponds on, the
ejoctnr mmmont and’ secus kn be 57 tho on!cx- of 10 tu 15, .

Ve 1
- pe e

'».

- --Aparﬁ Tron the avu.utbie antn, the ame,lc-cylind.or téats of ﬂh
Low Drog Raur Plant lbml.d~nav1rh the noeum nnlh-ra'.‘
pnrum. 4 3 1



, 1t ‘appoars that th,1oomonorm-thqnome
mmm-mmm rforrencel

ta

'le“AA ..‘ - < : -‘.

“ ¢t geveral m-tgntm have oot to the mnohulm."n ﬂnt a,

uniforu crossesectidn mdxing, 1

on-tin oJ‘otwpo

ctorl' ‘

' !
= \

th 18 the 108t satisfactory (alsc

called "straizht wixing soction")s . Thus in the various exhaust=;as
sjector teats-only this type was oonsidercd, sométines with a d‘u'funr

attached to tho stroirht neqtion.
this type of eJcctor.

'o-a-.i‘.ms_ot‘_t_u_t--.

The remarks which follow a,ply to
)

o0 Sty E $2.8he e

The available experin.nta.l data can be Jdivided:s

types of tests into Jve

e

-.

fa) °  steady flow tests (with comprossed d}; or constant preuure
oombustion chaubor)ldyi2s21425, -

(v) intercittont flow testa. (usually on aotual um—owinel)n’-la 19\20’21

and acoording to.the jurpose of tests into 5 .

(a) tests of ejectors ns purps

12,17,18,19,20

(v) " tosts of ejootors aa thrust awrcntorstls1220,21,25,

In the mojority of cases the testd were corricl out with zors raa, i,e, at
ground cosling conditiuns for the buricd instollationse Thus only in
one instance both t t and pwapin: anpecta of the intenuittent Tlow
ejeatar have buen investiguted and then only very 'bricfl;. It seens
therefore that futhor tests of thia type wouddl be uscfl®,
& NET P

b 3o l.'.ctual ajecter m’rgornrnoe y

Tre copurisen of the the

reticl nt uxperiiental ejector

perforcance 3s Inlicatbu wigrawntiondly in Fir.3 rbove,  The maxe Ap
are asidler thon tir ones greZiocted by thiory and the cptinun a ia

bL_,,_,er tnan . brdoreticd coe;
lnn.,tr

abes
‘.

it 43 inwerendent of the cjectar

In nost experiiunts the qualiintive #recient vith theory is

reasonably geod; the quantitutive sgreorent variea, the optinw. ¢jeotor
giving usuclly Ap vadues oo the order of 0.7 to GBS tr-. wheuretioal

onus (for same areu rutiv ale

bl Suitrwlt. eju:ctur proportions

It hes bz.en ointed cul alrs l-.JJ tivt thu ojector loength 2d.cas nat

caue into the th.orctxcul analysiss

in the ex eri.cntal results by the fuotor L/D, where L = sjuctir len:th

and D s hydrnulic diaseter =

b As e It appears that for stradicht

porh.:cter

Smale-cynnder teats of the R,
this type. |

«Z Low Drug Powver Slant will be o

Its infiuence is usaaily exprassed
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sir Ye=stage ejocturs, for both thrust mg_,mntation and puaping -
‘purposes, the optiLum L/D vzluo lics botwoen' 6 'and 10 for « vorying 3
2 frow. 5 to 50. _ The lower L/D valucs scca to aply to the kgher @

and p voluesl8,19,21, et |
b G multi=staze ejcctors " L3 _:

Frai test rssults it oppecrs thot, both Iranw the pumping and
thrust aucrentation pétnt of viow, botter results arc obtained with
nulti-stabc cjeotors, in which the aixing procoss ocours 1n several -
steps and thet threc 15 the optLaus nuaber of .sto(oll .

The optimun overnl‘l longth of tha aulti-stero ejootors seons
to be amaller than that of the oarrer)ondirc singledstage arrangoments

. Little informotion is available on the optirmn mlti-stu., : iy
sjsotcr desiste  Howevkr, since in practico it will be seldon ponib].e
to use more than two o stages nnd in view of the echsidorable

difficulty in forrulating any rules for rulti-stece ojector design,
it is not suggested that ~ny general cxporinentn.l work should be under—
taken in this direction,

L 6. Ejeotors with diffuscrs ! N

. Diffuscrs fittzC nt the cxit o th straight ejectors increase
the pwipin: perforuinee, this bein; aspecielly wnrked at low a  Values.
It appenrs that for the sww overel] length it definitely pays, for

. pwaping, to 3it difiuccrs in apell @ (7 10) ejeotars; for high @
valucs the dis'iuacr ‘lin is awller ond hppears only at high L/D values |, .

;  ogd the optiiun L/D value is ounsidarably higher than thut for ejectors

without dii‘fuaers, henens, 1n this oase, it the length is liudted, the
diffuser uosd not puyl3, o i

The diffusors usually fitted arc of a oross=sectional erca
ratio of 2 to 3 and ¢ divorz,onoo angls of uboutv 10° 18,19 5

l.. 7. Kectangular cjeotors A

liost of the tests were mode with the alroulnr cross=ssction
sjectors. In ons inatanoam howover, ejsotcrs of various rectangular
sections were tried; it appeers that the best puming results were
cbtained with sjsctors of aapect ratio 3, although therc was only a
slizht, improvemont as conpared with tho rasults of the sjsotors of -
upect ratio 1 or 5. :

4.8, Curved ejeotors ,'

Slight bends (15°) in the uéx:ln, sootion do not mpnir
noticeably the ejector porfomanea

W9  Llcotor entry - '
v % It appears that thoro is o doﬁn:lto cain in using o bell-mouthed

‘or qonical ejector en\try up to 1.5 ejector diameter, No goin is
obtnimd by using still bigesr -mmt-n"’l 2

\ '+-10. Grouﬂ ejeotorsl? ! : et

d L.ost o the tosts wore oa.rricd uut with sdeotorn nahintod by .the

e exhaust ;as issuin;-iraa onc or two cylinders, .
+\ .the' efiect of individual znd srouped ejoctors wos hmstig'\tcd. In. thﬂ
| % ‘latter arronceuent the cxhaust stooks siope oombined in groups of three,
| the firing intervals oi the oyl!ndurn in emh group boing lpoddoqmlq.

_ <§i W47886
T e i SRESTRICTEDL,




I.L'Bm!‘ﬂ,ﬁhh_mghwmhr
"Mhrruulu(ﬁpand ") where the total area of tlie"

- ;)bmrr"mwm R R A L < e

c-'-’”! £

sjectors was equal to mmnmormmmw,_.
- & .'...J‘ N
g thm«mwzmwm-&m, 4
fhnt\mmthmtiodmdoxpon-nmwrkonﬂuoxhnm“um
to0 be undertaken, ——These and some additional proposals are here
collsoted, It -is thought however that before starting sny of the pro-

posed tasts the thearotioal vuxt butlined below should bo first 4
. . []
5.1. tiocal work she e e

Par S

ceBededs I oonn-otion w:lth the nppliuticn ‘of the nx.h-.ult-gu
sjeotors to alr-coolsd aero-ergines it would be useful to develop a
oomprehensive analysis of sjeotors as thrust agmentors and’ alr pumps:
this can be resdily done by ocombining the availsbla theoratical data.
Such a uniform theary should be based on dimensionlsss variables and
should be adsptable to any engine hot-flow and exhnut characteristios;
graphicsl methods of solution should be used.

5ele 2, A satisfagtory method for the theoretioal determination -, fa
of the critical exlmuat-gu nozzle area should be developed (see 3.1).

5¢1s3. The reliability of satimating the exhaust-gas momentum
nhould be checked against the available expeﬂmntn.l data (see 3.2).

5.1s4e  Pitot-statio pressures and target methods of th.nxst
measurements should be oompared by new teata if necesaary.

5¢2. gtmrimen_h.l wori

S 0 o

5s2:1s Tests in which both pumping and thrust ejector

oharacteriastics with intermittent flow would be investigated seem

to be neoded. Practicdlly no data is at present available on the
correlation o' the ejeotor trrust thsory and practice.

5¢2.2. Influence of tho divergence (diffuser) and converganoe
of the ejector exit seotion should be investigated, in parcticular with
respect to thrust.

5¢2.3, The envisaged test rig would consist of a aingle-
cylinder liquid=cooled unit, the exhaust of which 'would be used to
actuate air ejeotors. The.ejectora should be omnected to a surge
tank placed efter an air blower,which would provide considerable rem
pressures, Upstream of the ejector various resistanceas, representing
the engine oylinders, would be fitted. Ejectors of various cross-
aseotional areas should be tested, each consisting of several aegments
8o that a number of different overall lengths would be trieds Alsoc
ejeotors of each size should be fitted with a variable cxit area

(nozsle or diffuser effeot)s :

The followiry main measurements would be taken:

(1) air-flow (by mesna of pitot-astatio traverae or orifice),
(2)  oxhauat gas flow, e

800 also 5.1k ) d i . '
: -8~

e

tadiedmnie !

".
el
ol
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(3)  preesure difference across tho ejcctar, = |
(&) thrust from ejeotors {detcruined by pitot-static traverse &
vy and by a target, which rust be adaptadla to every o Jjocter -
,eize), ;

(5) = thrust of 'cxhauét gae cnly from e critical nozzle ehould be
oither estizated or pret‘er*@]q Duasured by a target. ol 5

. Se2e4 In the sincloe cylinder tests of the M, 4,5 Low Drag

 Power Flant, which includes a dcuble exhaust éjeotor, exploeions

oceurred in the exhaust pag=cocling air aystem, It iz thought at
preeont that these explgeions arc due to the spmtaneous ignition
of the CO - HZ cir mixture, 3ince they can be expeoted to occur C]

in any similar eJector arrangonent, experimontal work ehould be
undertaken in exder to f£ind under what condition they ocecur md to ,
find means of elininating therw.
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